Background--The American Heart Association introduced the Life's Simple 7 (LS7) metrics to assess and promote cardiovascular health. We sought to examine the association between the LS7 metrics and incident heart failure (HF) in a multiethnic cohort.
H eart failure (HF) prevention is a top public health priority. 1 Approximately 23 million people have HF worldwide, 2 a number that is expected to rise because of the aging population and increasing prevalence of risk factors. 3, 4 In the United States, an estimated 5.7 million people have HF, with a total annual cost of $30.7 billion. 5 Incidence and substantial economic burden of HF can be decreased by intensifying efforts to reduce modifiable risk factors, such as tobacco use, sedentary lifestyle, obesity, hypertension, hypercholesterolemia, and diabetes mellitus. 1, 6 The American Heart Association introduced the concept of "ideal cardiovascular health (CVH)" with a focus on risk factor prevention to reduce the burden of cardiovascular diseases (CVDs). 7 Ideal CVH is defined as meeting the ideal levels for 7 health behaviors and factors called Life's Simple 7 (LS7) metrics. 7 These 7 metrics are known traditional risk factors for CVD and they include smoking, physical activity, body mass index (BMI), diet, total cholesterol, blood pressure, and blood glucose. [8] [9] [10] Although research has shown that ideal CVH is associated with a lower incidence of CVDs, [11] [12] [13] [14] [15] [16] [17] few studies have examined the association between the LS7 metrics and the incidence of HF in an ethnically diverse population. 18, 19 The aim of this study is to analyze data from the MESA (Multi-Ethnic Study of Atherosclerosis), a prospective cohort study, to determine the association between the LS7 metrics and incident HF, based on the hypothesis that favorable LS7 status will confer a lower risk for HF across all 4 racial/ethnic groups independent of other sociodemographic factors such as age, sex, education, income, and health insurance.
Methods Study Population
The details of the MESA have been previously described by Bild et al. 20 In summary, 6814 study participants were recruited between July 2000 and September 2002 from 6 field centers in the United States (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles, CA; New York City, NY; and St Paul, MN). They included men and women aged between 45 and 84 years, who were free from clinical CVD (including HF) at baseline. Approximately 38% were white, 28% black, 23% Hispanic, and 11% Chinese American. Participants gave informed consent and the institutional review boards of the 6 centers approved the study protocol. Standardized questionnaires were administered to collect information on the use of medications and socioeconomic characteristics, such as education, income, and health insurance.
Baseline Measurement of LS7 Metrics
Baseline levels of LS7 metrics (smoking, physical activity, BMI, diet, total cholesterol, blood pressure, and blood glucose) were measured between 2000 and 2002. Participants were classified as current smokers, former smokers (if they quit within the last 12 months) or never smokers (if they have never smoked or quit more than 12 months ago). BMI (kg/m 2 ) was calculated from weight and height measurements. Physical activity was assessed using the MESA Typical Week Physical Activity Survey adapted from the Cross-Cultural Activity Participation Study. 21 The questionnaire contains 28 detailed questions on time and frequency of activities during a typical week in the previous month. Participants provided responses to questions, such as household chores, lawn/yard/garden/farm, care of children/ adults, transportation, walking (not at work), dancing and sport activities, conditioning activities, leisure activities, and occupational and volunteer activities. Minutes spent during activities like walking, conditioning, and leisure (eg, exercises) were also included. The total minutes of moderate and vigorous exercise were estimated from the questionnaire. A validated 120-item food frequency questionnaire was administered to collect information on the dietary habits of study participants. It was modified from the Insulin Resistance Atherosclerosis Study instrument. 22, 23 A healthy diet consisted of adequate quantities of 5 items defined by the American Heart Association (fruits and vegetables, fish, whole grains, sodium <1500 mg per day, and sugar-sweetened beverages ≤450 kcal [36 oz] per week). 7 Study participants had their blood pressure assessed from 3 readings taken after they had rested for 5 minutes. The average of the last 2 readings was recorded for analysis. Total cholesterol and blood glucose levels were obtained from fasting blood samples.
Clinical Perspective
What is New?
• This study examined the association between the American Heart Association's Life's Simple 7 and incident heart failure in a multiethnic cohort, with Chinese American and Hispanic participants included in the analyses unlike previous studies that examined a similar association in only white or black participants.
• Our findings show that irrespective of race/ethnicity, greater numbers of the Life's Simple 7 metrics at ideal levels and average as well as optimal Life's Simple 7 scores were associated with a lower risk of heart failure.
What are the Clinical Implications?
• Heart failure is responsible for a significant reduction in quality of life and higher mortality rates with a life expectancy of 5 years for 50% of patients. 
Statistical Analysis
Baseline characteristics of study participants were compared by race/ethnicity. Categorical variables were reported as proportions and continuous variables as means with standard deviation (SD). We categorized the LS7 metrics into ideal, intermediate, and poor with modifications as previously reported in MESA (Table S1) . 7, 28 We created the LS7 score from points assigned to each category of the metrics; poor=0 point, intermediate=1 point, and ideal=2 points. The points were summed for a total LS7 score ranging from 0 to 14. 29 As previously described, we considered 0 to 8, 9 to 10, and 11 to 14 points as inadequate, average, and optimal scores, respectively. 28 The HF incidence rate per 1000 person-years was calculated for each ideal metric and LS7 score category stratified by race/ethnicity. Hazard ratios (HRs) and 95% confidence intervals (CIs) for incident HF were then calculated using 0 to 1 ideal metric as reference for the number of ideal metrics and using the inadequate score as reference for the LS7 score, with stratification by race/ethnicity. P values for trend were calculated using the log-rank test. We also calculated the HRs and 95% CIs for incident HF for the intermediate and ideal categories for individual LS7 metrics (using the poor category as reference) stratified by race/ ethnicity. Covariates adjusted for included age, sex, race/ ethnicity, education, income, and health insurance. We tested for interaction, using the Wald test, between the measures of cardiovascular health (LS7 score and number of ideal metrics) and race/ethnicity by inserting the interaction terms in our models. Kaplan-Meier curves were constructed for HF free survival. A sensitivity analysis was performed where participants with any nonfatal coronary heart disease event at or before the time of incident HF diagnosis were excluded from the study sample. A 2-sided P value <0.05 was considered as statistically significant. All statistical analyses were performed in STATA (version 12.1; StataCorp LP, College Station, TX).
Results

Baseline Characteristics
Baseline characteristics of study participants varied across race/ethnicity as shown in Table 1 . Final sample size for our study was 6506 after exclusion of study participants with incomplete data on the LS7 metrics, education, and income (n=308). Mean age (SD) by categories of the LS7 score are as follows: Optimal, 60 (10.5); Average, 62 (10.5); and Inadequate, 63 (9.8). BMI, systolic and diastolic blood pressure levels were highest among black participants. Along with Hispanic participants, black participants also had the lowest proportion with 6 to 7 ideal metrics and optimal LS7 scores. Hispanic participants had the lowest proportion with at least a bachelor's degree and income >$40 000. Overall, only 0.1% of participants were in ideal CVH (ideal levels for all 7 metrics).
Incidence of HF
A total of 262 cases (4%) of incident HF were reported during a median follow-up of 12.2 years with an incidence rate of 3.7 per 1000 person-years. Blacks had the highest incidence rate (4.1 per 1000 person-years; Table 1 ). Participants who developed HF were older (P<0.0001) and more likely to be men (P<0.0001). They also had higher baseline levels of systolic blood pressure (139 versus 126 mm Hg; P<0.0001) and fasting glucose (110 versus 97 mg/dL; P<0.0001; Table S2 ). Incidence of HF was 5.9 per 1000 person-years among participants with 0 to 1 ideal LS7 metrics. Incidence rate decreased to 0.6 per 1000 person-years for participants with 6 to 7 ideal metrics ( Table 2) . Participants with optimal LS7 scores had a lower incidence rate of HF compared with those with average and inadequate scores ( Figure 1) . A Kaplan-Meier curve for HF free survival by the categories of the LS7 score for all 4 racial/ethnic groups combined is illustrated in Figure 2 while Figure S1 shows the KaplanMeier curves for each race/ethnicity. Table 4 shows adjusted HRs for incident HF by the categories of each LS7 metrics. For the entire study population, the ideal categories of smoking, BMI, physical activity, blood pressure, and blood glucose were associated with a statistically significant lower risk of developing HF compared with the poor category after adjusting for age, sex, race/ethnicity, education, income, and health insurance. Although there was an increased risk of HF for participants in the ideal categories of diet and total cholesterol, the associations were not statistically significant. Across the racial/ethnic groups, we found a statistically significant lower risk of HF for the ideal versus poor categories of smoking in black; BMI in white; physical activity in Hispanic; blood pressure in white, black and Hispanic; and blood glucose in Chinese American, black, and Hispanic.
Hazards for Developing HF
Sensitivity Analysis
In the sensitivity analysis, we excluded participants with incident nonfatal coronary heart disease (n=72). Overall, the associations remained the same as shown in Table S3 . In addition, incidence rates and hazard ratios for HF decreased with greater numbers of ideal LS7 metrics and higher scores, regardless of age or sex (Tables S4 and S5 ).
Discussion
In this large, multiethnic population of adults free of clinically evident CVD at baseline, achieving a greater number of ideal LS7 metrics was associated with a lower incidence of HF. Study participants with average and optimal scores were less likely to develop HF compared with those with inadequate scores, though incidence and risk of HF were much lower for those with optimal scores. Across racial/ethnic groups, a similar trend was observed, but many of the associations were not statistically significant. The findings of this study are consistent with the results of 2 recently published studies that examined the association between the LS7 metrics and incidence of HF among the offspring of the original cohort of the Framingham study and the ARIC (Atherosclerosis Risk in Communities) Study. 18, 19 These studies, though not as ethnically diverse as ours, demonstrated that higher LS7 scores were associated with a lower risk of HF. In the Framingham study, LS7 scores of 8 to 9 and 10 to 14 were associated with a 45% and 66% lower risk of HF, respectively, compared with scores of 0 to 7. In the ARIC study, LS7 scores of 5 to 9 and 10 to 14 were associated with a 51% and 78% lower risk of HF, respectively, compared with scores of 0 to 4. In our study, LS7 scores of 9 to 10 (average) and 11 to 14 (optimal) were associated with a 43% and 69% risk of HF, respectively, compared with scores of 0 to 8 (inadequate). Moreover, achieving greater numbers of ideal LS7 metrics was associated with a lower risk of HF in the ARIC study, 19 which is similar to the findings of our study.
We showed that black participants had the highest incidence of HF followed by Hispanic, white, and Chinese American participants. Bahrami et al, using the same study population had previously reported comparable results and attributed the high incidence of HF found among black participants to the higher prevalences of hypertension and diabetes mellitus, in addition to lower socioeconomic status and higher dietary caloric intake. 25 In our study, black participants had the poorest CVH status followed by Hispanic participants. The proportion of current smokers, mean BMI, systolic and diastolic blood pressure levels were highest among black participants while Hispanic participants had the lowest mean dietary score, highest mean cholesterol, and fasting glucose levels. A lower proportion of black and Hispanic participants achieved optimal LS7 scores and greater numbers of ideal metrics compared with white and Chinese American participants. The racial/ethnic differences in the risk of HF in this study is attributable to the higher prevalence of risk factors and lower achievement of ideal LS7 metrics among black and Hispanic participants; nevertheless previous research has demonstrated that factors such as disparities in access to and quality of health care play a major role in the differences observed across the racial/ethnic groups. 25, 30 HF is responsible for a significant clinical and socioeconomic burden. People with HF often experience a reduction in quality of life, higher mortality rates, and increased risk for other CVD events. [31] [32] [33] [34] More than half of the people diagnosed with HF will die within 5 years. 32, 33 An estimated 870 000 new cases of HF are documented in the United States annually, and, if the current trend continues, it is projected that by 2030 over 8 million people, aged 18 years or older, will have the disease. 5 The financial burden associated with managing HF is also expected to increase by over 120% to $70 billion in the next 14 years. To address this public health issue, the American Heart Association emphasizes the prevention of risk factors in its 2020 strategic impact goals. The goals are to "improve the CVH of all Americans by 20% and reduce the mortality from CVDs and stroke by 20%." 7 The LS7 metrics and the construct of "ideal CVH" were introduced to evaluate the achievement of the goals by monitoring the changing CVH status of individuals and populations within the United States. 7 Several studies have documented that the achievement of ideal CVH is associated with a lower incidence of CVDs and all-cause mortality. [11] [12] [13] [14] [15] [16] 35 Thus, the morbidity, mortality, and socioeconomic burden associated with HF can likely be reduced by encouraging the public to improve their cardiovascular health by adopting healthy lifestyles and achieving greater numbers of ideal LS7 metrics in midlife. Hazard ratios for heart failure by number of ideal Life's Simple 7 metrics Hazard ratios for heart failure by Life's Simple 7 score
Average ( Strengths of our study include the large ethnically diverse population that included Chinese and Hispanic study participants who were not included in previous studies. 18, 19 The findings from these 2 populations underscore the importance of CVD risk factor prevention across all racial/ethnic groups. Additional strengths include the standardized methods/ procedures for the measurement of the LS7 metrics and the inclusion of only participants free of CVD at baseline. HF events were carefully adjudicated by trained physicians, and the longitudinal design of the study allowed for the assessment of incident HF rather than HF prevalence.
Our study has limitations. Because the same objective criteria were used by MESA in diagnosing incident HF in all 4 racial/ethnic groups and no adjustment made for race/ ethnicity, incident HF may have been underdiagnosed in Chinese American participants because left ventricular dimensions are mostly smaller and ejection fraction higher in Asian populations compared with people of European or African descent. 36 Overall, participants with average and optimal scores had a lower risk for HF regardless of HF subtype (preserved and reduced ejection fraction) in comparison to those with inadequate scores although the associations were not statistically significant. However, the low number of events precluded the assessment of our associations across all 4 racial/ethnic groups by HF subtype because of the limited power for subanalysis. Additionally, a single baseline measurement of the LS7 metrics may not reflect past or future CVH status of study participants. The data collected on smoking, physical activity, and diet from the self-administered questionnaires may be subject to recall bias. Future modifications of the LS7 metrics could make BMI specific for each racial/ethnic group because some studies have demonstrated that Asians are at a higher risk of weightrelated diseases, such as CVDs, at lower BMIs. [37] [38] [39] [40] In conclusion, our study shows that favorable Life's Simple 7 status, as indicated by higher scores or a greater number of metrics at ideal levels, is associated with a lower risk of incident HF. Of note, patterns were the same for all racial/ ethnic groups. These findings suggest that prevention of risk factors has the potential to reduce the burden of HF and the associated healthcare costs. The Life's Simple 7 score ranged from 0-14 and was classified into inadequate (0-8), average (9-10) and optimal (11) (12) (13) (14) based on points assigned to each category of the LS7 metrics
